Existing approaches to holistic appearance based face recognition require a high dimensional feature space to attain fruitful performance. We have proposed a relatively low feature dimensional scheme to deal with the face recognition problem. We use the aggregated responses of 2D Gabor filters to represent face images. We have investigated the effect of "duplicate" images and the effect of facial expressions. Our results show that the proposed method is more robust than the PCA-based method under varying facial expressions, especially in recognizing "duplicate" images.
Introduction
Among the many body characteristics that have been used, face is one of the most commonly used characteristics and has been studied across a number of research fields, e.g. computer vision, pattern recognition [5] , [8] , [14] , [15] . Face recognition is a non-intrusive method that captures still images and/or video sequencesfrom controlled, static environment to uncontrolled, cluttered environment; we can perform recognition using 2D images and/or 3D models with approaches that are holistic/global, or feature-based, or structural, or hybrid [16] , [7] .
In many commercial and civilian systems, since the environment is static and under control, full elasticity of the automatic face recognition system may not be required, i.e. with cooperative subjects, proper 2D frontal image can be obtained. In such a case, the automatic face recognition problem can be simplified to the classical pattern recognition/image retrieval problem, which deals mainly with feature extraction and identification/verification.
Texture analysis is one of the main streams in image processing/analysis and retrieval, especially for monochromatic images. Characteristic textures contained in an image can be used to distinguish it.
The feature dimension of existing approaches are comparatively high, e.g. in [9] . We, therefore, suggested a holistic approach of relatively low feature dimension that exploits aggregated Gabor filter responses and distance measures to deal with the transformed face recognition problem.
The organization of the paper is as follows. Section 2 will review the background and outline the rationale of our suggested approach. Section 3 will discuss the results of our experiments. Section 4 will give our conclusion.
Background and Proposed Method
We use aggregated 2D Gabor features, as a relatively low dimensional (space) representation of face because existing appearance-based face recognition techniques require a high dimensional feature space. Liu et al. [9] , for example, reported that over 180 features were needed for the recognition using the FERET data set [13] containing 600 images (of 200 subjects) in order to attain similar performance of using 85 features with the ORL dataset containing 400 images (of 40 subjects). We therefore 
2D Gabor Filters
2D Gabor filters proposed by Daugman [3] , [4] have been shown to be effective for texture analysis on monochromatic images. They optimally achieve joint resolution in space and spatial frequency; their orientations, radial frequency bandwidths and center frequencies are all tunable. Thereby, it is adopted to perform texture analysis. [2] , [4] , [9] The expanded form of the family of Gabor filters used in our case study is
Experiments and Results
We used the AR face database [11] [11], [9] . We conducted the experiment using the seven images without occlusion. A sample set of the fourteen preprocessed (warped) images used is shown in Figure 1 .
In Figure 1 For cases 1 (s1f vs. s1) and 4 (s2f vs. s2), only images of 1 st session or 2 nd session are used, i.e. no unseen image is expected. For cases 2 (s1f vs. s2) and 3 (s2f vs. s1), however, either 1 st or 2 nd session is the registered set while the other one is the query set, i.e. matching "duplicates" [12] . We choose, for PCA, the same feature dimension as that of aggregated 2D Gabor features because we can determine the effectiveness of our proposed method directly from the system performance; we only use one feature dimensionality for PCA as it already captures over 99.75% of the total variability of the training sets (in either session of the two testing sets). Afterwards, an oval mask is applied to remove the highly probable background area to extract only responses (for aggregated 2D Gabor Features) or pixels (for PCA) that are within the mask for feature extraction [12] . The k nearest neighbours chosen are k = {5, 10, 20} but only k = 5 is shown as it always performs the best. The results (in %) of our proposed method and PCA are shown in Table 1 and Table 2 respectively. It is seen that our proposed method is more robust than PCA against variations in facial expression in all cases and similarity measures under consideration. 
Conclusion
We have proposed a relatively low feature dimension scheme for appearance-based face recognition. We derived an aggregated Gabor filter responses representation for face images that is of lower feature dimension. A comparative study on the effect of varying facial expressions, the effect of matching against "duplicates" and the effect of using different (dis)similarity measures, 
